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Group effects of piles due to lateral soil movement
Abstract
Laboratory model tests have been conducted to investigate the responses of piles subjected to lateral soil
movement. The results of a single pile test and four tests on two piles arranged in a row perpendicular to
the direction of soil movement are presented. The development of maximum bending moment, maximum
shear force, and pile deflection with soil movement and the largest pile response profiles for the single
pile and pile groups are compared. Group effect was evaluated using group factor which is defined in
terms of the measured maximum bending moment. The major findings are (1) the pile head conditions
(free or capped) are insignificant on piles subjected to lateral soil movement when arranged in a row, (2)
the group factor decreases as the pile spacing reduces, (3) a linear relationship exists between the
maximum bending moment and maximum shear force for both the pile groups and single pile.
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ABSTRACT: Laboratory model tests have been conducted to investigate the responses of piles subjected to
lateral soil movement. The results ofa single pile test and four tests on two piles arranged in a row perpendicular to
the direction of soil movement are presented. The development of maximum bending moment, maximum shear
force, and pile deflection with soil movement and the largest pile response profiles for the single pile and pile
groups are compared. Group effect was evaluated using group factor which is defined in terms of the measured
maximum bending moment. The major findings are (I) the pile head conditions (free or capped) are insignificant
on piles subjected to lateral soil movement when arranged in a row, (2) the group factor decreases as the pile
spacing reduces, (3) a linear relationship exists between the maximum bending moment and maximum shear force
for both the pile groups and single pile.
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compared with previous experimental and numerical
analysis results.

I. INTRODUCTION

Structures built on pilcs are vulnerable to lateral forces
caused by soil movements, which may be seen when they
are used in slope stabilization, to support bridge abutments,
and as foundations of tall buildings adjacent to tunneling
and excavation or lateral spreading in liquefied sand during
earthquake. Lateral loads generated by soil movements
induce additional deflections and bending momenl<; in piles
or pile groups, which may undennine the structural
integrity of the piles or groups and leads to serviceability or
even failure of the piles. Although this characterization has
been extensively studied through centrifuge modeling and
Ig small scale model tests in [1]-[9], field tests in [10], [II]
and theoretical and numerical analysis in [12]-[ IS], the pile
soil interaction mechanism is still not clearly understood.
For instance, the recent numerical studies in [12], [13]
assumes a fixed depth of moving soil, in which the
movement of soil is simul taneously mobilized along the
pile. However, in a practical scenario, soil movement may
be gradually mobilized to a deep layer [IS]. The effect of
progressive soil movement on the response of piles has not
been completely investigated, particularly, when it is
coupled with axial load.
With an experimental apparatus developed, ex tensive tests
have been undertaken for piles and pile groups in sand to
investigate the responses of piles under combined vertical
load and lateral soil movement. Reference [5] presents
simple solutions for piles in moving sand from the results of
14 typical Ig model pile tests. References [7], [8] further
verified the solutions and findings by investigating the pile
responses due to effective soil movement and impact of a
uniform and triangular soil movement profile.
This paper investigates the group effects of piles due to
lateral soil movement. Four tests on a group of two piles in
a row with the pile head capped and a single pile of free
head were conducted. Typical pile responses are presented.
Group factors are used to quantify the group effect and

2. APPARATUS AND TEST PROC EDURES
For brevity, detailed information regarding the apparatus,
test preparation, data acquisition and measurement system,
and data process program are omitted. Only the relevant
parts are briefly introduced herein.
2.1 Shear Box and loading System
A schematic cross section of the shear box and the loading
system is shown in Fig. I. The internal dimensions of the
shear box are 1 m by 1 m, and 0.8 m in height. The upper
part of the shear box is made o f a series of 25 mm thick
square laminar steel frames . The frames, which are allowed
to slide, contain the "moving layer of soil" of thickness Lm.
The lower section of the shear box comprises a 400 nun
high fixed timber box and the desired number of frames to
achieve a "stable layer of soil" of thickness L. (> 400 rrun).
A loading block is used to apply lateral force on the laminar
frames, which is made into arc, rectangular, and triangular
shape to impose varying soil movement profiles. In this
paper, an arc loading block was used. The rate of movement
of the upper shear box (thus the soil) is controlled by a
hydraulic pump (lateral jack), and a flow control valve. A
vertical jack is used to install the pile into the shear box.

Model Piles
Fig. 2 shows a schematic diagram of the model pipe pile
under testing. The aluminum pile has a length of 1200 mm,
outer diameter of32 mm and wall thickness of 1.5 mm. The
pile was instrumented with 10 pairs of strain gauges at an
interval of 100 mm. Prior to testing, the strain gauges were
calibrated by exerting a transverse load in the middle of the
pile clamped at both ends. Given various magnitudes of the
load, measured strains were compared with those calculated
for each gauge, so that a calibration factor was obtained,
which in turn allows a measured strain to be converted to an
actual strain. To protect from damage, the strain gauges
were covered wi th Imm epoxy and wrapped by tapes.
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